A collaborative project between researchers, regional natural resource management organisations and landholders set out to explore three questions about the relationships between biodiversity and land use in Australia's mixed-farming landscapes: (1) the extent to which farm-scale measures of biodiversity were related to agricultural production; (2) the influence of the type and intensity of agricultural production on native biodiversity on farms; and (3) the relative influence of site and farming system on selected measures of biodiversity. Four land-use types on 47 mixed farms across nine regions, derived from several of Australia's 56 natural resource management regions, were surveyed in autumn and spring 2006 and 2007. Surveys of birds, surface invertebrates (beetles, ants, spiders), vegetation and soils were undertaken on four land classes on each farm; crop, 'rotation' (break crop/pasture phase), perennial pasture and remnant vegetation. Data were collected by participating regional staff, using a standard protocol, which were sent to a central collection point for collation, analysis and interpretation.
Introduction
The impact of agriculture on native biota is well documented, particularly the negative impact of increasing agricultural intensity on populations of plant and animals (Wilson 1990; Bennett and Ford 1997; Reid 2000; Reid and Landsberg 2000; Donald et al. 2001; Benton et al. 2003; Churchill and Ludwig 2004; Lunt et al. 2007; Billeter et al. 2008) . Several European studies have surveyed biodiversity across the range of land-use types found in a farming landscape (McCracken et al. 2000; Atkinson et al. 2002; Wilson et al. 2003; Belfrage et al. 2005; Cole et al. 2005; Grill et al. 2005; Devictor and Jiguet 2007; Hendrickx et al. 2007 ) reflecting the integration of agriculture within natural and semi-natural habitats. However, in Australia, where plant species used in intensive agriculture are alien to the native biota, most ecological surveys have been restricted to native 'remnant' vegetation patches on and around farms (Bromham et al. 1999; Reid 2000; Reid and Landsberg 2000; Cunningham et al. 2008) with the exception of production-based research (e.g. pest management) in crops and pastures. Very few Australian ecological studies have examined the full range of land-use types commonly found in 'mixed'-farming landscapes where the production is based on crop and livestock systems.
Landscape-scale ecological research has increased in importance over the past 20 years (Bennett and Ford 1997; Jaeger 2000; Woinarski et al. 2002; Fahrig 2003; Hobbs and Yeats 2003; Andersen et al. 2004; Bennett and Radford 2004; Bennett et al. 2006; Hendrickx et al. 2007; Lindenmayer and Fischer 2007; Oberg et al. 2008 ) but has been restricted to a few landscapes, particularly woodlands and savannahs in Australia. Continental-scale ecological research is less common (Donald et al. 2001 (Donald et al. , 2006 and has not previously been undertaken in mixed-farming landscapes across Australia.
Stock access to diverse native pastures may play a positive role in grazing production systems. For example links have been established between biodiverse pastures and quality of meat products in Europe (Wood et al. 2007) and Australia (H. Norman, pers. comm.) . Sheep have demonstrated a preference for particular secondary compounds in native saltbush plantings in Western Australian trials (D. Revell, pers. comm.) , suggesting that diverse pastures may be more beneficial to stock health than monocultures.
Integrated pest management (IPM) approaches have gained favour in southern Victoria (Horne and Page 2008) . The adoption of minimum tillage has been shown to impact on soil micro-and macro-fauna. For example, the Northern Agricultural region of Western Australia has demonstrated increased ant and termite activity under minimum tillage compared with conventional tillage (T. Evans, pers. comm.), while an increase in soil microbiological diversity has been linked to increased crop and introduced pasture production in the Mallee region (G. Vadakattu, pers. comm.) .
The focus on particular land-use types is usually undertaken at the regional (e.g. catchment) or State scale. The Biodiversity in Grain & Graze (BiGG) project was initiated to provide information on the relationship between biodiversity and a range of land uses across mixed-farming landscapes at a national scale. It aimed to provide a 'snapshot' of biodiversity across land-use types to provide a benchmark for mixed farms; use the data in conjunction with dialogue between farmers and regional project staff to postulate relationships between biodiversity, productivity and geographic features; use these relationships as hypotheses for future research, and as a basis for management advice in cases where causal relationships are well supported by evidence.
This paper provides an overview of the biodiversity data collection and analysis, focusing on three questions:
(1) To what extent are selected farm-scale measures of biodiversity related to agricultural production? (2) To what extent is variation in native biodiversity related to type and intensity of agricultural land use? (3) To what extent are selected measures of biodiversity related to site and system features of mixed-farming landscapes?
The definition of biodiversity used in the BiGG project is that of Freudenberger and Harvey (2003) 'Biodiversity is the variety of life, its composition, structure and function, at a range of scales'. This in turn is based on Noss (1990) , who proposed that biodiversity be considered as three inter-related components of composition, structure and function. This definition includes all species, not just native species, to reflect the interest of farmers in the diversity of organisms found on their farm and their contribution to the production and conservation roles of agricultural landscapes.
This approach was taken as the term 'biodiversity' in its undifferentiated form has limited meaning for many landholders being '. . . ambiguous, complex, often contested, value laden, frequently science-driven' (Mason et al. 2004) . Mason et al. (2004) also noted that biodiversity studies commonly use vegetation as a surrogate for other groups of plants and animals and suggested that the Grain & Graze (GG) program (see Price and Hacker 2009 ) could advance farmers' understanding of biodiversity by assessing the distribution of selected taxa across the major land-use types common to mixedfarming systems that consist largely of crops and pastures and relatively small areas of remnant vegetation).
Methods
All nine regions involved in the GG project participated in this study (Fig. 1) . Each region was asked to enlist the help of five farming families for the biodiversity data collection. Farms were chosen to represent the range of mixed-farming enterprises in the region. Regional staff was asked to choose one farm with a high proportion of cropping, one with a low proportion of cropping, one close to a large remnant, one isolated from a large remnant and one other mixed farm (Bridle et al. 2006) . Six of the nine regions provided data for five farms. In the remaining three regions, one provided data for two farms, one for six farms and the third for nine farms. Farm locations are given in Fig. 1 .
Each farmer nominated one site within each of four land-use classes selected for this study: crop (preferably wheat); rotation [the pasture phase of a rotation, usually annual, but in some cases perennial species including lucerne (Medicago sativa); perennial pasture, (native and/or exotic perennial grasses, lucerne, tagasaste (Chamaecytisus proliferus) and salt bush (Atriplex spp.)]; and remnant vegetation (ranging from excellent to very poor condition). Data were collected in each land-use class on each farm in autumn and spring of 2006 and 2007. A field data collection manual (Bridle et al. 2006) was trialled with the regional project officers in January 2006 (see Bridle and Price 2009 ). Regional staff then undertook field surveys along two 50-m parallel transects at each site. Five 1 by 1-m quadrats were randomly located along each transect. Vegetation data (plant species, presence, cover, and height) were recorded for each quadrat. Pitfall traps (~7.5 cm in diameter, 240 mL volume) were located in the middle of each quadrat to collect samples of surface invertebrates (target groups were ground dwelling spiders, beetles and ants), soil samples (for soil nutrient analyses) were undertaken on a bulked sample from 10 cores of 5 cm diameter and 10 cm deep and microbial activity was assessed using cotton strips (Latter and Walton 1988) , 24 buried at a depth of 15 cm between the two transects at 0, 25 and 50 m for a period of 2 weeks. Bird surveys, recording presence only, were undertaken in the same locations by registered Birds Australia observers using their standard 2 ha 20-min survey. Bird habitat forms were completed for each location. Farmers were interviewed on their activities with respect to biodiversity management and were asked to provide data on production (t/ha grain, bales of wool, number and type of stock carried and sold) land management practices (inputs on the four surveyed paddocks) and land use and layout of their farms.
Composition was assessed through measures of species richness and abundance at the paddock and farm scale. Structural elements were addressed in terms of vegetation condition and habitat provision at the paddock and farm scale, and at a regional scale through the use of landscape metrics. Functional diversity was assessed for invertebrates (guilds) and bird species by classification on the basis of food preference.
Beetles, ants and spiders were targeted for the invertebrate surveys as they have been shown to respond to land-use changes in Australia (Andersen 1995) and overseas (Weibull et al. 2003) . They provide ecosystem services in the form of pest management (beetles and spiders, Horne 2007; Horne and Page 2008) and nutrient turnover (ants, Woodman et al. 2008) , and large, more easily identifiable species, could potentially act as indicators of land-use impacts.
All invertebrate samples, cotton strips, bird surveys and vegetation survey data were sent to the project team for analysis. Cotton strips were analysed for cellulase and catalase activity while fungal diversity was determined using the plate method (Hon 2007) . Spatial data collected for each farm including farm and paddock boundaries, extent of native vegetation within a 5-km radius of each farm boundary and the proportion of each farm under crop, rotation, pasture and remnant were compiled and analysed using the SMAPS tool (Mount et al. 2007 ) developed for the project and Fragstats (McGarigal et al. 2002) . Spatial data for native vegetation were derived from three sources; farmer interviews, state vegetation mapping and analysis of aerial photography for each farm.
Not all invertebrates were identified to the species level, in which case the terms species abundance and species richness refer to morphospecies.
Data analyses
Variability in crop rotations between regions, through the inclusion of perennial species, meant that vegetation structure and function were not clearly aligned with land-use class. In addition, remnant vegetation varied in extent, vegetation type and condition, with trees present in 46/47 cases (see Bridle and Price 2009 ). Despite these differences, land-use classes within and between regions were treated as replicates although most analyses were undertaken with a hierarchical design, using replicates of land-use classes within regions. The focus of the analyses was to look for consistent responses along an agricultural disturbance gradient from high (crop) through rotation and pasture to low (remnant vegetation).
Datasets were incomplete due to drought in 2007, which reduced the number of crop sampling sites and the seasonal availability and capacity of staff in partner organisations (Bridle and Price 2009 ). Non-parametric statistics were preferred for the preliminary analyses due to the unbalanced design of the data (e.g. different number of farms in different regions, missing variables). Species richness data were used for many analyses as these were easily defined and could be quickly communicated back to a diverse audience. Plant species richness data were not used in the analyses due to the variable quality of the datasets from different regions.
One-to-one relationships were explored between individual measures of biodiversity (e.g. ant species richness) and individual site or system features and measures of productivity (questions 1 and 2 above). The Spearmann Rank correlation coefficient was used to explore correlations between continuous variables, while ANOVA or the non-parametric equivalents (Mann-Whitney U test, Kruskal-Wallis H test) were used to test for relationships between categorical and continuous data.
Single measures of biodiversity (e.g. bird species composition) were analysed with multiple measures of site, system and productivity. Multivariate analyses (such as ordination) were used to inform answers to questions 2 and 3. These data exploration approaches were undertaken in an attempt to identify the major drivers influencing biodiversity across the full suite of 47 farms.
Canonical correlation analyses were used in addition to correlations analyses to explore relationships between groups of biodiversity measures and groups of site and system measures. These were carried out to answer question 3, i.e. how much of the variation in biodiversity measures is a function of farming practice (system features) and therefore open to human influence, and how much is determined by topography, offfarm vegetation and other geographic features outside the immediate influence of the land manager?
Unless otherwise stated, results are from four sampling periods with the exception of invertebrate data which are taken from surveys in spring and autumn 2006 and autumn 2007 as identification for the spring 2007 dataset was incomplete at the time of writing.
Results

Profiling farms
The selected farms covered a wide range of crop and livestock enterprise mixes. Farm-level analyses indicated several correlations between variables derived from the farmer interviews as follows (see Bridle et al. 2006 ; for interview questions).
Three main enterprise types were identified; those with a substantial cropping focus, those with a substantial wool production focus plus some cropping, and those with a meat sheep or cattle production focus. The relative proportion of cropping, livestock and even type of livestock impacted on biodiversity.
Properties reporting relatively high wheat yields (t/ha) were less likely to have a fine wool production focus (micron) (r = -0.55, P < 0.05, n = 18). Cattle production was positively related to the proportion of perennial pasture on a property (r = 0.625, P < 0.01, n = 18). Livestock type was geographically driven, with properties in Queensland recording high numbers of cattle and those in southern Australia high numbers of sheep. The interview data suggest that sheep livestock production can be broken down into farms focusing on wool or meat sheep. Farms recording higher production of wool (bales/year) produced finer wool (r = -0.445, P < 0.05, n = 24), whereas those specialising in sheep meat produced coarser wool (r = 0.425, P < 0.05, n = 25).
Land management options such as pesticide use were correlated with farm level variables such as proportion of arable land (r = 0.482, P < 0.01, n = 36) and proportion of remnant vegetation (r = -0.367, P < 0.05, n = 35). Farms that recorded more frequent use of fertilisers on pastures also recorded high microbial activity across all four land-use classes (ANOVA/Kruskal-Wallis: crop, F = 6.84, P < 0.05; rotation, F = 12.1, P < 0.001; pasture, H = 8.03, P < 0.01; remnant, F = 8.19, P < 0.01).
Large farms were more likely to have a greater area of remnant vegetation (ha) than smaller farms (r = 0.598, P < 0.001, n = 40). Access to native grazing country was limited in Western Australia, resulting in these farmers reporting that they were less likely to graze remnant vegetation (4/11 responses) than south-eastern Australian farmers (20/21) and Queensland farmers (8/8).
Question 1: To what extent are selected farm-scale measures of biodiversity related to agricultural production?
More species of beetles were found in pastures with higher microbial activity (a surrogate measure of nutrient inputs) in perennial pastures (Table 1) , with the converse being found for ant species richness. Total abundance of beetles was higher in pastures and remnants with greater levels of microbial activity. Species richness of spiders and birds (Fig. 2) was lower on farms reporting high yields (wheat t/ha).
Question 2: To what extent is variation in native biodiversity related to type and intensity of agricultural land use? Birds
A total of 181 bird species from 45 families were recorded on the 47 farms throughout the 2-year survey period over 2006 and 2007 (autumn and spring surveys only). Of these, eight are introduced species, 28 are listed species (listed priority or threatened species under state or federal legislation) with 17 of these listed species were sighted in paddocks outside remnant vegetation. Listed species were found on 39/47 farms. Twentythree birds are listed as nationally declining species (Barrett et al. 2003) and 51 are listed as nationally increasing species, i.e. those that are able to adapt to fragmented, agricultural landscapes. Sixty-four percent of the birds recorded are known to predate on insects.
Bird species richness was higher in remnant vegetation than any other land-use type (Kruskal-Wallis H =195.6,d.f.=3,P < 0.001, Dunn's Method, P < 0.05, Fig. 3a) . Significantly more bird species from all food preference groups were recorded in remnant vegetation (Kruskal-Wallis, all groups d.f. = 3, P < 0.001, Dunn's Method, P < 0.05). This was also the case for the woodland reliant species. All bird groups were represented in all other land-use types.
At the farm scale, bird species richness was higher on properties that had a greater proportion of remnant vegetation (r s = 0.46, n = 42, P < 0.005) and was lower where inputs were high (microbial activity r s = -0.413, n = 40, P < 0.01) and on farms where fertiliser additions to pastures were reported (ANOVA, F = 7.9, P < 0.01). Significantly more birds species were recorded in sites that were structurally complex (i.e. remnants with more than one woody layer: H = 75.3, P < 0.0001).
Invertebrates
In total 6596 samples were collected, amounting to 581 781 individuals sorted and identified, comprising 380 spider taxa (87 singletons), 592 beetle taxa (217 singletons) and 952 ant taxa (116 singletons). This represents the most comprehensive invertebrate collection over the range of land uses typical of Australia's mixed-farming zone and includes some species that have not been recorded for several decades (e.g. flightless weevils).
Ants
Ant species richness was highest in remnant vegetation and lowest in crop and rotation paddocks (H = 60.4, d.f. = 3, P < 0.001, Dunn's Method P < 0.05, Fig. 3b) . The difference between landuse types was noticeably greater in eastern states than in western states (Northern Agricultural region, Avon, Eyre Peninsula). Remnants typically yielded the largest number of ants and the greatest diversity of genera. Richness was positively correlated with the presence of woody vegetation, trees and shrubs (r s = 0.499, P < 0.001, n = 178) and small shrubs 0.5-2 m tall (r s = 0.44, P < 0.001, n = 177). Ant numbers were also high in pastures but the diversity in general was lower than in the remnants (Fig. 3b) .
The farm-level analyses show fewer ant species in pastures recording high microbial activity (a surrogate measure of inputs) ( Table 1 ). The abundance of ants was lower on properties that had relatively high numbers of sheep (r = -0.337, P < 0.05, n = 41). A A measure of microbial activity on cotton strips; note that decreasing tensile strength indicates increased microbial activity so that negative correlations imply an increase in biodiversity with increased biological activity. Wheat production (t/ha) Bird species richness (a) (b) Fig. 2. (a) The relationship between spider species richness (determined by pitfall trapping) and wheat production (t/ha, taken from farmer interview data) and (b) the relationship between bird species richness and wheat production (t/ha).
Beetles
Species richness was similar between land-use types but was significantly higher in pasture paddocks than in remnant vegetation (H = 10.1, d.f. = 3, P < 0.05), largely driven by results from three regions (Border Rivers, Mallee and Eyre Peninsula, Fig. 3c ). Large, wingless species were observed more commonly in remnant vegetation than crop or rotation land-use classes.
Beetle species richness was positively correlated with microbial activity in pastures at the farm level. High microbial activity was found to be correlated with rainfall (Hon 2007) , soil moisture, and soil carbon levels, all of which will favour beetle diversity. Beetle abundance was negatively correlated with the presence of meat sheep but positively correlated with the presence of wool sheep (Table 1) .
Spiders
There was no significant difference in species richness of spiders between the different land-use classes (H = 2.99, d.f. = 3, P > 0.05, Fig. 3d) .
At the farm level, spider abundance and diversity were positively correlated with ant abundance and diversity. Fewer different species of spiders were found in highly productive cropping paddocks (Fig. 3d ), but total abundance was higher on properties with a high proportion of crop/rotation landuse classes. There were no significant correlations between the diversity of spiders and vegetation structure within landuse type.
Fungal diversity and microbial activity
Across all land-use types fungal diversity was higher in perennial pasture paddocks and the remnant vegetation, and was lowest in 'rotation'; however, values were generally low and the differences between land-use types were not statistically significant (Hon 2007) .
Microbial activity
The force (measured in Newtons) required to break cotton strips is used as a measure of the amount of microbial activity present in the soil; the higher the tensile strength, the lower the microbial activity. In contrast to fungal diversity, microbial activity was significantly higher in crop paddocks than in remnant vegetation or in perennial pastures (H = 58.8, d.f. = 3, P < 0.001).
Question 3: To what extent are selected measures of biodiversity related to site and system features of mixedfarming landscapes?
Assessing landscape context An analysis of remnant patch size indicated that 20 of the 45 farms in this study have a mean remnant patch size of less than 5 ha (Fig. 4) . The degree of fragmentation differed from region to region, while the condition of remnant vegetation differed within regions.
Correlation analyses for site variables indicated that relationships existed between bird species richness and the amount of native vegetation on the farm and within 5 km of the farm boundary. Fragstat measures such as degree of fragmentation, mean patch size and shape and relative isolation were also correlated with bird species richness ( Table 2 ). The canonical correlations analysis supported these results (Corkrey 2008 ). In addition, ants were found to be more responsive than beetles and spiders to a subset of system features (soil type, terrain) features over site features (soil fertiliser additions, vegetation structure) (Corkrey 2008) .
Discussion
Question 1: To what extent are selected farm-scale measures of biodiversity related to agricultural production?
Farming enterprise mix, i.e. the relative emphasis on crop and livestock production, impacted on measured components of biodiversity data through the level of inputs (fertiliser use; relative fertility) and surrogates of disturbance regime (high crop yields and high stocking rate). Species richness of birds and spiders were inversely related to wheat yield (Fig. 2) while ant species richness was inversely related to soil fertility (Table 1) and stocking rate. Beetle species richness was positively correlated with soil fertility, opening up the possibility of exploiting a wider range of ecosystem services (e.g. infiltration, nutrient cycling) from these taxa. Further analysis based on functional groups is likely to yield useful results (Woodcock et al. 2007) .
The relationship between bird species richness and wheat yield has also been documented in continental-scale research from Europe (Donald et al. 2001 (Donald et al. , 2006 where population declines in birds were related to cereal yield. However, in our static study, wheat production, rainfall and fragmentation of vegetation were highly correlated. The two highest yielding regions, Corangamite/Glenelg-Hopkins and Murrumbidgee, also received high rainfall over the period of the project (Hon 2007) , have highly fragmented patches of native vegetation and have been settled for a relatively long period of time. Follow up surveys would need to be undertaken to determine whether there is a direct relationship between wheat production and bird population dynamics.
Enterprises that produced a large amount of fine wool (micron, bales/year) were more likely to graze native vegetation. Management of remnant vegetation e.g. grazing (Bromham et al. 1999; Woinarski et al. 2002; Oliver et al. 2003) and nutrient inputs (Luff and Rushton 1989; Oliver et al. 2003) affects native biodiversity by impacting on the condition or habitat value of the vegetation. Grazing will impact on vegetation structure, height and litter availability, which influences habitat for ants (Bromham et al. 1999; Read and Andersen 2000) and spiders (Churchill and Ludwig 2004; Tsitsilas et al. 2006; Oberg et al. 2008) . Responses to grazing have been shown for different taxonomic groups of ants (Lobry de Bruyn 1993; Read and Andersen 2000) . The usefulness of these groups in determining disturbance regimes common to Australian mixed-farming systems requires further analysis.
Question 2: To what extent is variation in native biodiversity related to type and intensity of agricultural land use?
Significant differences were found for biodiversity measures between different land-use classes. These differences related to soil disturbance regimes where crop and rotation are more heavily disturbed than pasture or remnant. Tillage practices and use of particular pesticides are likely to impact on ground dwelling invertebrates, but this could not be explored using the current dataset. The diversity of birds, spiders and ants was correlated with similar environmental variables, in many cases indicating some overlap between habitat preferences or resource requirements. Birds and ants (Fig. 3a, b) recorded higher species richness in remnant vegetation than in other land-use types and higher species richness in perennial pastures compared with crop and rotation.
Data from elsewhere indicate that species of spiders from the same genus respond to different habitat characteristics such as sward biomass and density and the presence of stock grazing (Churchill and Ludwig 2004; Oberg et al. 2008) . As with other taxa, morphological traits also featured in spider assemblages, with long-lived sedentary mygalomorphs occurring in remnants, while aerially mobile linyphiids were most abundant in rotation and pasture paddocks and least abundant in remnants, consistent with findings elsewhere (Oberg et al. 2008) . Within land-use classes spiders appear to favour improved perennial pastures and cropped paddocks where stubble is retained.
In this study, pitfall traps were biased towards capturing ground dwelling spiders, therefore the impact of land use on other functional groups is not known.
The beetle data demonstrate mixed responses to changes in land use, with reinvasion of some taxa after disturbance being linked to availability of habitat close by and the mobility of the species (Pocock and Jennings 2008) . Regional differences in these results may be a result of the relative proportion of native pastures. All Border Rivers properties and many Eyre Peninsula properties had a large component of native pastures surveyed for the perennial pasture category. Native pastures support a diversity of beetles and other fauna which depend on grass, herbs, root material, and soil organic matter. Better resolution of these relationships will come with analysis within functional groups. Morphological characteristics such as presence of wings and body size can reflect levels of disturbance (Blake et al. 1996; Cole et al. 2002; Horne 2007) .
Fungal diversity was generally low across all regions and landuse types. This was potentially a result of several factors: lack of rainfall, use of the plate method to detect fungi and the presence of two relatively aggressive species. Microbial diversity was likely to be reduced over the 2-year period due to the lack of rainfall (Conant et al. 2004) . However, the cotton strips were a very useful and economical indicator of the responsiveness of microbes to cellulose-based substrates, with the results providing an Our data suggest that an analysis of bird composition in remnant vegetation was strongly linked to availability of habitat on and off the farm and condition of habitat on-farm. Birds were the only taxon to show strong correlations to landscape metrics in the canonical correlations analysis (Corkrey 2008) . Radford et al. (2005) found that the presence of trees in the landscape was found to be an important predictor of woodland bird species presence in large-scale south-eastern Australian agricultural landscapes, while remnant condition and landscape connectivity have been found to be important at smaller scales (Seddon et al. 2005 ).
The differences observed in ant species richness from east to west may be related to productivity gradients or the presence of more diverse soil types in eastern Australia, the types of crops grown or the frequency of pesticide use.
Smaller, less mobile, taxa operate on smaller scales and are more likely to depend on habitat requirements at a local (within farm) scale. Spider species richness was low for the Corangamite/ Glenelg-Hopkins region (Fig. 3d) , which recorded the highest grain yields (t/ha), the highest rainfall (Hon 2007) , and the most isolated remnants with little structural diversity. Habitat condition is important within patches and is influenced by farm management practices such as: the intensity of grazing in remnant vegetation; the type of pasture available (annual v. perennial); the proportion of ground cover; vegetation height; and, the number of structural layers. All of these variables can be manipulated through management.
What do the results mean for how we manage mixed farms?
Regional implications
Some studies have suggested that functioning landscapes should have a minimum of 30% native vegetation cover (McIvor and McIntyre 2002; Bennett and Radford 2004) and that woodland patches need to be a minimum of 5-10 ha to remain viable. In addition, no more than 30% of the property area should be under intensive agriculture, including grain and forage cropping and sown pastures (McIvor and McIntyre 2002) . Almost half (20/45) of the farms in this study do not meet these suggested thresholds.
The long-term functionality of ecosystems within regions is unclear. Radford et al. (2005) identified a sharp decline in bird species richness in landscapes with less than 10% habitat cover and warned that the maintenance of viable populations would rely on cover values much greater than the threshold 10% level. Freudenberger (1999) suggested that a minimum patch size of 10 ha, with at least 20% shrub cover was needed to attract woodland birds. Bennett and Radford (2004) Although it is easier to retain existing patches of native vegetation, revegetation is an important land management action in many regions, used to redress the functional imbalance across the landscape (Cunningham et al. 2008) .
Many of the GG regions have very low levels of remnant vegetation retained but within this context invertebrate diversity can be locally high. For example ant diversity in the relatively isolated remnants of the Murrumbidgee region is similar to that found in the Border Rivers and Maranoa-Balonne region where more extensive stands of native vegetation can be found (Fig. 3b) . As much of the land development has happened in the last 50-100 years it is possible that there is a significant unrealised extinction debt. However, ants may be relatively resilient to environmental change, in contrast to particular groups of beetles who show evidence of environmental stress in farmed landscapes compared with remnant vegetation (Michaels 2007) .
As this study presents a snapshot in time, conclusions about the impacts of different land uses and the intensity of use on biodiversity are not possible. Further studies, building on this dataset, will help to answer questions about the influence of land use and land management on population trends in species of conservation significance and the ecosystem services performed by native biota in agricultural landscapes.
Summary and future research
This project provided an opportunity to assess some components of native biodiversity on mixed farms. The data were used to identify potential synergies and 'trade-offs' between biodiversity and production, that could be tested over time. The research found that the greatest amount of native biodiversity as measured by species richness and structural diversity exists in native vegetation. As expected, native biodiversity showed a general decline with increasing intensity of disturbance. However, the variation in invertebrate species diversity on all agricultural landuse types between regions suggests the potential for mixed farming to provide habitat for a wide range of species with more detailed understanding of land management practices and history. Native beneficial predators were found in all nine GG regions, suggesting the potential for all regions to adopt IPM (Horne and Page 2008) .
General messages provided to collaborating producers through this project (Table 3) , were supported by existing studies (Bromham et al. 1999; Cole et al. 2005; Hendrickx et al. 2007) and observations made during this study. Opportunities exist for managers to increase the habitat available for a wide range of species through manipulation of land management practices. While this observation is not new, its relevance was new to many of the 47 farmers involved in this study, and was strengthened by their involvement (Bridle and Price 2009 ). The project has also provided some confidence that the results of work carried out in other regions may also be relevant to their farm.
If used as baseline data, with sites revisited over time, this dataset will allow us to address important ecological questions such as the relative proportion of intensive, extensive and conservation areas at a landscape scale (McIvor and McIntyre 2002), the ecological redundancy debate (i.e. how much biodiversity do we need to deliver function?) and investigating potential extinction debts. This project has created a national network of farmers with an interest in biodiversity (see Bridle and Price 2009) , and an awareness of the complex interactions between biodiversity and farm management. The benchmarking opportunity provided by BiGG and the opportunities for farmers and researchers to come together and discuss the data resulted in the development of regionally specific research questions on relationships between biodiversity and production. One question, common to several regions, was 'how do changes in crop and pasture management influence biodiversity above and below ground?' This increased awareness has led to a desire for more knowledge and has created the opportunity for further biodiversity research on mixed farms across Australia, enabling us to refine management options and decisions.
